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The acid digestion process is a chemical oxidation process for con
verting combustible organic wastes to gaseous effluents and stable solid 
residues. Th~ digestion medium is sulfuric acid, heated to about 250°C. 
The sulfuric acid carbonizes and partially oxidizes the waste, but the 
primary oxidant is nitric acid, which is added continuously to the diges
ter at a rate proportional to the waste addition rate. The composition of 
the off-gas depends on the waste composition but typically consists of 
C02, H20, and HCl (from oxidation of wastes containing. chlorinated plas-. 
tics) and S0 2, NO, N2, and H20 from decomposition of the acids. The off
gases must be treated to remove entrainment and the bulk of the corrosive 
acidic vapors. The residue is separated from the sulfuric acid medium by 
periodically withdrawing a portion of the acid slurry and distilling the 
acid back to the digester. 

Engineering demonstration of the process has been performed at 
Westinghouse Hanford Company (WHC) in the Radioactive Acid Digestion Test 
Unit (RADTU), Figure 1. RADTU construction was completed in June 1977. 
Following shakedown testing, RADTU began processing potentially contami
nated non-glovebox wastes from a plutonium facility (234-5 Building) in 
November 1978. During the next six months, RADTU successfully processed 
2100 kg of suspect and synthetic waste materials at an overall average 
rate of 2.7 kg/hr. RADTU was modified for capacity increase which inclu
ded a change in digester design from a slab tray geometry to an agitated 
annular digester and the new system began processing synthetic and suspect 
waste in December 1979. Major quantities of plutonium were introduced 
into the system in December 1980 when over 500 kg of waste containing 
multigram quantities of Pu were processed during a two week run. Data 
were collected on plutonium behavior in the system and overall process de
contamination factors were calculated. A series of special tests were 
conducted to assess the system•s ability to process unique waste forms in
cluding ion exchange resin, decon rags, wooden structural materials, 
reactive scrap and a plastic shipping bottle. Because funding for waste 
management oprations is currently limited, RADTU has been placed in ready 
standby status. 



OBJECTIVES AND CRITERIA 

The primary objectives of the RADTU program as initiated in 1975 ·in
cluded: 1) demonstration of radioactive process performance, 2) demonstra
tion of radioactive equipment performance, and 3) provision of capability 
to process WHC transuranic waste. Secondary objectives included at that 
time were: 1) acid recovery and recycle demonstration, 2) Pu recovery 
demonstration, 3) digestion of other waste forms, 4) automatic waste sor
ting after shredding, and 5) demonstration of immobilization of waste. 
All of the primary objectives were accomplished including objective three 
which was expanded· to provide capability to process transuranic waste 
from all of Hanford. 

Of the secohda ry objectives, three were fully demonstrated i ncl udi ng 
acid recovery and recycle, digestion of other waste forms, and waste sort
ing after shredding. A fourth, Pu recovery, was demonstrated on a labora
tory scale with actual acid digestion residue from RADTU. The fifth, 
waste immobilization, was demonstrated with nonradioactive RADTU residue 
only. 

SUMMARY 

The following conclusions resulted from operation of RADTU for pro
cessing transuranic waste: 

1. The acid digestion process can be safely and efficiently operated for 
radioactive waste treatment. 

2. In transuranit waste treatment, there was no detectable radionuclide 
carryover into the exhaust off-gas. The plutonium decontamination 
factor (DF) between the digester and the second off-gas tower was 
>1.5 x 10 6 and the overall DF from the digester to the off-gas stack 
was >1 x 108

• 

3. Plutonium can be easily leached from undried digestion residue with 
dilute nitric acid (>99% recovery). Leachability is significantly re
duced if the residue is dried (>450°C temp.) prior to leaching. 

4. Sulfuric acid recovery and recycle in the process is 100%. 

5. Nitric acid recovet'Y is typically 35% to 40%. Losses are due to the 
formation of free nitrogen (N 2) during digestion, reaction with 
chlorides. in waste (N02Cl), and 0ther process losses. 

6. Noncombustible components comprised approximately 6% by volume of 
glovebox waste and contained 18% of the plutonium. 

-
7. The acid digestion process can effectively handle a wide variety of 

waste forms. Some dc5ign changes a1·e desit·able h1 Lll~ h~ad end to 
reduce manual labor, particularly if large quantities of specific 
waste forms will be processed. 
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8. With the exception of residue removal and drying equipment, all sys
tems performed satisfactorily and only minor design and equipment 
changes would be recommended to improve performance. 

9. The RADTU program met all of its planned primary objectives and all 
but one of additional secondary objectives. 

PROCESS DEVELOPMENT 

Acid digestion process development began with a beaker of laboratory 
acid and progressed through 1 aboratory and pilot seale developments. It 
has resulted in several patents awarded or applied for covefing both the 
process itself as well as specific equipment configurations. Among the 
more challenging development items successfully solved were: 1) the dev
elopment of a workable design which could safely accommodate kilogram 
quantities of plutoniu~, 2) materials selection and design to handle cor
rosive acids and chemicals at process temperatures, 3) design of a reli
able heterogeneous waste handling, sorting, and feeding system, and 
4) design of off-gas treatment equipment to remove oxides of sulfur and 
nitrogen, and to recover and reuse them as nitric and sulfuric acid feed 
to the process. Much of this work has been described in earlier docu
ments (1-3). Detailed engineering documents are currently being prepared 
which outline engineering criteria and specifications for the process. 

Process safety was extensively studied in parallel with process dev
elopment during the early stages. Extensive laboratory tests and engi
neering studies were performed at both WHC and at an outside hazards re
search firm. Areas of potential concern which were resolved or eliminated 
by design included: 1) potential runaway chemical reactions and their con
trol, 2) potential formation of unstable compounds such as nitrated organ
ics, azides, and organosilanes, 3) the control of moderated fissionable 
material in kilogram quantities, 4) shockwave attenuation, and 5) the po
tential consequences of off standard operation, equipment failure, and 
process upsets. On the basis of these studies it was possible to design 
a facility which could be safely operated with fissile material as demon
strated in RADTU operation. 

BEHAVIOR OF PlUTONIUM IN THE PROCESS 

The behavior of plutonium in the system was established during the Pu 
waste run in December 1980 and in subsequent tests with special waste 
forms. Cleanout of the total system was demonstrated prior to placing the 
RADTU facility on safe standby. 

Noncombustibles accounted for approximately 6% by volume of the total 
glovebox waste processed and contained approximately 18% of the plutonium 

.on the incoming waste. 
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The remainder of the Pu entered the digester and was removed with the 
residue in the drying operation. Figure 1 lists the various decontamina
tion factors along with the overall process OF from digester to stack~ The 
RADTU stack record samples showed no increase in activity above background 
.alpha levels when waste containing tens of grams of Pu .was processed in 
the digester. 

Following the final cleanout, Rockwell Hanford Operations (RHO) 
assayed the RADTU by portable NDA as part of the RADTU transfer program. 
Results of this assay can be found in Table 1. It is noteworthy that the 
digester system could be flushed to a Pu level on the order of 1 gram Pu. 
This would be a significant factor in maintaining plutonium accountability 
when processing high Pu waste and scrap, and-demonstrates that as predict
ed, the smooth glass-lined steel vessels combined with high Pu solubility 
in HN03-flush solutions, result in very little Pu holdup or accumulation in 
a flushed acid digester system. 

Although Pu recovery equipment was not installed in RADTU, samples of 
RADTU dried residue and residue slurry were evaluated in the laboratory for 
Pu recovery. Undried RADTU residue slurry was leached in the laboratory 
with dilute nitric acid (3.5 M and 7.5 M). Pu recovery in the two leaches 
was greater than 99.8% confirming earlier predictions from Pu spiked 
residue. 

However, in the case of residue dried at 450°C, it was found that 
only 60-80% of the Pu was recoverable in dilute nitric acid. Further 
leaching with a stronger leach solution (HN0 3 + HF) gave only marginally 
better recoveries. Thus, plutonium recovery should take place on undried 
residue slurry in order to optimize Pu recovery. · 

RADIOACTIVE PROCESS AND EQUIPMENT PERFORMANCE 

Earlier laboratory and pilot scale development work was confirmed for 
RADTU operation with few exceptions. Equipment performance and process 
stream compositions were within expected ranges based on engineering scale 
test work in the ADTU facility. With the exception of residue treatment 
equipment, equipment performance was satisfactory and valuable operating 
experience was obtained which will permit further design improvements to 
be incorporated in the next generation acid digestion waste treatment fa
cility. An engineering document is currently being prepared giving pro
cess performance in detail and outlining the technical requirements for 
designing a facility. The sections which. follow give a preview to that 
document. 

EQUIPMENT DESCRIPTION 

The digester ~ystem was constructed in modul~r glovebox units.(Fig
ure 2) which provided the following functions: 
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• A waste storage and assay area (not shown) where incoming wastes were 
stored and assayed for plutonium content. An assay system capable of 
analyzing low density wastes for both multigram and trace (below 
10 nCi/g) plutonium levels was used. 

• A feed preparation module where wastes were sorted to remove noncombus
tibles and shredded by a low-speed shredder into roughly three em 
pieces. Shredded wastes were lifted to a feed hopper in a pneumatic 
conveying/classifying system that also separated high-density noncom
bustible components from the waste. The hopper fed a conveyor that 
discharged waste into the opening of a hydraulically operated ram 
feeder. The ram feeder compressed and extruded the waste through a 
10-cm diameter pipe into a Teflon-lined expanded cross where it fell 
into the digester acid . 

• 

• 

The digestion module which contained the glass lined annular digestion 
and heating vessels, and an air-cooled wire-mesh mist eliminator . 

A solids recovery module where waste residues were withdrawn periodi
cally from the digester to be centrifuged and dried in heated pots at 
400°C. Acid vapors were returned to the digester off-gas system for 
recovery. 

• An off-gas treatment module where digester off-gases were condensed and 
scrubbed with cooled, recirculating acid in the presence of added air 
to oxidize and recriver 50 2 and NOx as dilute sulfuric and nitric 
acids. The off-gas leaving the primary scrubbing tower passed through 
a wet, packed fiberglass filter to remove entrained .acid mist, then 
passed through a secondary scrubber to reduce residual NOx before it 
was heated above the dew point, filtered through three stage~ of HEPA 
filters, then discharged to the RADTU stack. 

• An acid fractionation module where the recovered dilute acids from the 
scrubbers were concentrated for recycle to the digester. The fraction
ator off~gas contained most of the water and hydrochloric acid generated 
during the digestion process ar1d unrecovered nitric acid. It was heated 
and filtered through HEPA fi_lters before discharge to the RADTU stack. 

All modular systems described, except the assay module and the secondary 
off-gas scrubber, were insta11ed in gloveboxes for contamination control. 

FEED PREPARATibN 

Transuranic waste was ~eceived in cardboard boxes inside 2001 drums, 
Figure 3. The entire box entered the feed preparation glovebox where it 
was opened, hand sorted, shredded, air classified, and conveyed to a ram 
feeder which charged approximately 100 gram increments of waste into the 
digester. This equipment is.shown schematically in Figure 4. The feed 
preparation operation was fully satisfactory from an operations standpoint. 

-5-



Waste was reliably shredded, classified and fed to the digester. The op
eration was somewhat labor intensive due to the fact that large sheets of 
waste, such as cardboard boxes and plastic sheets, tended to form long 
stringers when single shredded that occasionally plugged the air classi
fier and waste feed hopper. The problem was solved in two ways at RADTU: 
1) the waste was simply brought back and shredded a second time, or 2) it 
was torn into smaller pieces or folded so that long stringers did not form 
with shredding. A better solution in the future would be to install the 
shredder system in an area with adequate space for two stage shredding. 
This would eliminate the long stringers and greatly reduce the manual 
attention required. 

A number of special waste forms were tested i.n RADTU including ion 
exchange resin, wet rags~ wooden construction materials, plastic shipping 
cont~iners {L-10), reactive scrap samples, and wood framed HEPA filters. 
All of these materials were processed without problems. Several of them 
did require some extra manual effort either to place the sampl~ materials 
in containers for feeding (i.e., in plastic jars which fit the ram feeder) 
or because they required double shredding as in the case of the wooden 
construction materials. If large quant~ties of these materials are ex
pected in a facility, it would be desirable to provide feeding and handling 
equipment specifically for them. 

DIGESTION 

The annular digester system, Figures 5&6, proved to be a very reli
able waste treatment system .. The system operated in a very steady, stable 
manner regardless of the type of waste being fed with no temperature or 
pressure excursions. Although the digester was designed to process waste 
at 10 kg/hr, it was derated somewhat due to an unacceptably high heat flux 
on the bottom surface of the digester vessel. In practice it was found 
that an average rate of just over 7 kg waste/hr could be sustained over 
long periods of time and that for special wastes. such as inn exchange 
resins, higher rates could be sustained. The annular digester system pro
cessed over 2200 kg of suspect and TRU waste without difficulty including· 
the special waste forms mentioned above. The digestion of aqueous liquids 
with organic contaminants was also demonstrated on a nonradioactive basis 
in RADTU .. 

OFr-GAS 

The off-gas equipment. performed as designed. NOx and S02 were re
~oved from the off-gas train and recovered in the first and second towers, 
as dilute.nitric and sulfuric acids. A hi~h efficiency sulfuric acid mist 
eliminator, Figure 7, was placed between these towers to recover H2SO~ 
mist from the off-gas train. In practice, this worked very efficiently 
~ith the added benefit of giving a Pu red~ction factor of greater than 
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.20,000 between the towers. Exhaust concentration of.NOx from the second 
tower was approximately one percent which was reduced to less than 100 ppm 
in the off-gas stack. This was acceptable from an environmental stand
point at RADTU because the total mass of NOx dischar.ged was very small. 

The dilute mixed acids were concentrated in an acid fractionator, 
Figure 8, and recycled to the digester, thus no liquid waste stream was 
generated in operating the RADTU. The fractionator concentr~ted the mixed 
nitric-sulfuric acids to 16 normal. · 

Almost no mafntenance and very little operator attention were re
quired to operate and maintain off-gas treatment equipment. Three teflon 
lined fittings failed during four·years service and the first scrubber 
tower developed a hole at the end of the plutonium campaign. The tower · 
was repaired with direct contact maintenance with no greenhousing re
quired. Other than that, only a few isolated pump maintenance require
ments were encountered over a period of four years. 

RESIDUE TREAH~ENT 

Performance of residue treatment equipment at RADTU was not fully 
satisfactory. However, subsequent laboratory Pu recovery tests revealed 
that Pu extraction should take place on the residue slurry prior to dry
ing. This would represent a significant change in the RADTU flow sheet 
in that residue immobilization would commence with an aqueous slurry after 
leaching rather than with a sulfuric acid slurry. 

The existing residue treatment equipment at RADTU consisted of a 
·centrifuge to concentrate the slurry and a pot drier to evaporate the 
sulfuric acid. A recirculating. cooling loop, consisting of a flexible 
liner pump and a heat exchanger, cooled the slurry prior to feeding a 
Krausse Mafeii® centrifuge. A Moyna® progressive cavity pump delivered 
the concentrated slurry from the centrifuge to the evaporator pots (Fig
ure 9). The centrifuge and Moyna pump performance were highly satisfac-. 
tory. The flexible liner pump was not a good choice for this application 
as numerous problems were encountered with the liner and couplings. In 
future plants, this system would be redesigned to use an airlift, a flu
idics pump, or gravity to feed the centrifuge. The pot drier operation 
was not fully satisfactory in that it had inherently poor heat transfer, 
tended to be very slow, and tended to bump and entrain solids overhead 
which frequently plugged the off-gas line, requiring manual cleanout. 

It was known at the time of RADTU installation that the pot drying 
system would be an unsatisfactory long--term solution to drying sul furh: 
acid slurry, and development tests using alternate nonradioactive systems 
were carried out in parallel while the RADTU demonstration was· underway. 
These systems included a continuous agitated trough drier and a microwave 
drier. The agitated trough drier pr.oduced a free flowing granular 
product of spherical shape. Tne spherical residue product varied 

-7-



considerably in size distribution with wastes of varying compositions 
which had been fed to the digester. The size ranged from approximately 
100 mils in diameter down to dust size. 

The second system tested was a microwave drier. It was found that 
digester residue has enough iron and other constituents to couple very 
effectively with microwave energy. Residue could be completely dried 
using microwave and if desired it could even be converted to rixides or 
glass. 
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TABLE 1. Pu Distribution in RADTU After Cleaning. 

Feed Preparation Glovebox 
Digester Glovebox 
Residue Drying Glovebox 
Off-Gas Gloveboxes 
Storage Transfer Gloveboxes 

Most 
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Pu Content (grams) 

Probable Values Range 

2 0-6 

1 0-5 

1 0-3 

0 0-1 
1 0-4 
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FIGURE 2. Radioactive Acid Digestion Test Unit (RADTU . 
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